Are word association responses really the first words that come to mind?
Estimates of the number of words that an adult knows in their native language vary considerably from study to study, and vocabulary sizes of anywhere between 14,418 (Nusbaum, Pisoni & Davis, 1984) and more than 200,000 words (Hartmann, 1941 -though it should be noted that this is far higher than most estimates) have been reported. Given that vocabulary size is often calculated relative to printed corpora (which typically under-represent proper nouns, slang, acronyms etc, see Brysbaert & New, 2009 ) it is likely that actual vocabulary size exceeds the published estimates. In spite of having such a large number of words to choose from, skilled readers are able to find and produce the appropriate word quickly when they are asked to name an object or in fluent speech. The prevailing opinion is that this is because word knowledge is stored as nodes in an interconnected semantic network (e.g. Collins & Quillian, 1969; Collins & Loftus, 1975; Steyvers & Tenenbaum, 2005) .
In Steyvers and Tenenbaum's (2005) model, for example, each word node is connected to any number of other words by links that vary in strength. When a word is encountered (or activated) some activation is also passed along each intra-lexical link that stems from the stimulus. The amount of activation that passes (or spreads) to each connected word is determined by the strength of the link, which in turn is determined by personal experience. The more times a particular link between two words is traversed, the stronger it becomes. The consequence of this spreading activation is that the presentation of one word can lead to increased likelihood of producing a related word soon afterward. For example, in a classic experiment, Meyer and Schvaneveldt (1971) presented participants with targets for lexical decision (i.e. does this combination of letters represent an existing word) that were F o r P e e r R e v i e w immediately preceded by a prime word. In some trials, the prime word was related in meaning to the target (e.g. doctor-NURSE). In other trials the prime and target were unrelated (e.g. doctor-BREAD). Meyer and Schvaneveldt (1971) reported that participants were significantly faster to respond to related targets than unrelated targets. In relation to spreading activation theory, the presentation of "doctor" passed some activation along the connection to NURSE. As a consequence, when NURSE was itself presented, it was already partially activated and took less additional effort to reach a recognition threshold. The same is not true for BREAD, which is not connected to "doctor" in the lexicon. It has since been demonstrated that the presentation of a prime word automatically activates all the connected words in the lexicon, whether the connection is semantic, associative (e.g. Ferrand & New 2003) , or formal (e.g. Davis & Lupker, 2006) even if exposure to the prime is short enough to prevent conscious processing. The key principle here is that strong links between words can be accessed quickly and automatically.
In discrete word association tasks, participants are presented with a single cue word and required to say or write down the first word that comes to mind. It has been argued that the first word that comes to mind ought to reflect access of the strongest intra-lexical link (e.g. Playfoot & Izura, 2013) . That is, the word association cue acts as a prime for the response -once the cue has been activated in the lexicon of the participant, activation will spread to surrounding nodes according to the weights of the connections. The word the participant produces will be the first node to reach a criterion level of activation, and this will be accrued more quickly along strong than weak links. Indeed, much of the word association research in the literature proceeds from this assumption. Published norms lists (e.g. Fitzpatrick et al., 2013; Postman & Keppel, 1970; Nelson, McEvoy & Schreiber, 1998) present the same word association cues to large numbers of participants and organise the responses according to the frequency with which they occur within the sample population. This is often converted to a metric called associative strength. To do so, the frequency of a particular response is divided by the total number of responses to that cue to create a proportion of participants who produce the same word. For example, if 58 people out of 100 say white when presented with the cue word BLACK, the associative strength is 0.58. This metric is essentially an approximation of the how strong the intra-lexical link between black and white is across participants. It is important to remember that associative strength is a metric of the connections that are made between words at a group level, and that the lexical structure of any given individual is unlikely precisely match the idealised picture provided by associative strength.
Nevertheless, Canas (1990) demonstrated that associative strength is a good predictor of the size of priming effects -prime-target pairs with greater associative strength elicit quicker responses than pairs with lower estimates of associative strength. This finding provides indirect support for the notion that word association responses are the first word that comes to mind following the cue, in that both the word association response and the priming effect are supposed to rely on activation spreading along the same intra-lexical link.
Further, weaker, indirect support for the assumption that word association responses are the first word that comes to the mind of the participant has been provided by a handful of studies that have presented the same cue words to a group of participants on two separate occasions (e.g. Fitzpatrick, 2007) or in two different languages (Fitzpatrick, 2007; 2009; Fitzpatrick & Izura, 2011) . In such studies, the types of responses that are given by an individual participant are fairly stable over time and across presentations in their first and second languages -certainly more consistent than would be the case if there was not a common mechanism underpinning performance on the task each time it was performed. However, it is far from certain whether this commonality of responses is because of the automatic retrieval of a particularly strong, and stable, intra-lexical link between words or because the responses that they offer are governed by the application of a consistent strategy for performing the task. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w Word association tasks typically allow participants plenty of time in which to generate their responses, and are commonly presented as pen and paper measures so reaction time data is not available. This raises a potential concern -researchers have no way of preventing participants from deliberately selecting a response from a number of possible options, and no measure by which to examine whether this is likely to be happening. To explain further, let us start by assuming that the response that a participant gives in a word association task is not the first word that comes to mind. Presumably the decision as to which word to choose must take some time.
This is because a) you must allow time for multiple associates to be activated and b) you must then apply some kind of decision-making heuristic to determine which word is the most appropriate for the task at hand. As an analogy, consider buying milk in the shop. Your hand does not have to go as far to reach the bottle at the front of the shelf as it does to reach the bottle at the back of the shelf. There is therefore a difference in the time it takes to pick up the two bottles. In addition, to reach the bottle at the back of the shelf you need to move the first bottle out of the way. This adds a step to your milk-buying process and there is a time cost. Therefore responses other than the first word that come to mind are likely to be offered at longer response latencies -the traditional lack of RT data does not allow this to be assessed.
1
Another factor that has been implicated in both performance on language tasks and in the ability to implement response strategies is working memory (Baddeley & Hitch, 1974; Baddeley, 2000) . Working memory is a short term memory 1 It should be noted that the few word association studies that have collected RTs have shown that the speed with which a response is generated can be affected by the characteristics of the cue (de Groot, 1989; Ernest & Paivio, 1971; Playfoot & Izura, 2013) or the language proficiency of the participant (Fitzpatrick & Izura, 2011) . In the case of the current paper we have selected the stimuli and the participant sample to try to limit the effects of these variables on the RT. space used for manipulating and integrating information from external stimulus and from long term memory stores. It is a limited capacity system, and the amount of working memory resources that an individual has available to them has been linked to performance in a number of language tasks (see Baddeley, 2003) . Participants with low working memory capacity consistently respond more slowly and less accurately than participants with high working memory capacity across all these tasks. The explanation for this is that they are ill-equipped to deal with large amounts of information at once. When considering the requirements of a word association task, it is easy to suggest how working memory may play a part although to our knowledge there is no published study explicitly examining this issue. The "new" information from the cue word that is presented to the participant may be integrated with the associated response word that has been accessed in long-term memory within the working memory system. Under circumstances where the response generated is indeed the first one to be activated in the lexicon, the load on the working memory system is fairly light. However, if multiple potential associates for the cue are being compared and a response is being deliberately chosen from among these options, the participant must use their working memory to temporarily store them prior to output. If we assume that the activation of potential associates is a function of lexical structure and the dynamics of spreading activation, as discussed above, it is likely that a similar number of candidate responses are activated in the lexicon of any respondent from a given population (though which precise words are activated will be unique to each individual). Working memory capacity, therefore, is only a factor in deciding which of the potential associates will be chosen for output. Under these circumstances, individuals with greater working memory resources at their In the current paper we report two experiments that attempt to determine whether the responses generated by participants in word association tasks reflect the first word that is activated by the cue. Experiment 1 required that participants responded to the same cue words twice, under two different task instructions. In one condition, the participants performed a standard word association task. In the second condition, they were asked to respond to each cue with a word that was associated to the cue but that the participant thought would not be given by other people (this is referred to as the creative association task hereafter). Essentially, this condition asked them to try hard not to give stereotypical responses. The rationale for this manipulation is that success in the creative association task necessarily requires that the strongest intra-lexical link is inhibited or ignored to allow uncommon associates to become activated. Doing so will incur a time cost, and rely on working memory resources. Thus, if responses under standard word association conditions are the first words to be activated, there ought to be a difference in RT between the two versions of the task in the current experiment. There is also likely to be an effect of working memory capacity on responses only in the creative association task. 2.34) were recruited for this experiment. All participants were native speakers of English with normal or corrected-to-normal vision. In addition, none of the participants had been diagnosed as dyslexic.
Experiment 1 -Task instructions

Materials and Design
Participants gave word association responses to the 98 cue words (see appendix 1) from Fitzpatrick et al (2013) under two different task requirements. One condition was a standard word association task. The second condition required that participants generated associated words that they thought would be infrequent among respondents. All participants also completed the Operation Span (OSPAN) task as described by Kane, Hambrick, Tuholski, Wilhelm, Payne and Engle (2004) . This is a test of working memory. Each trial proceeds as follows. A stimulus is presented in the format "Is 6 + 7 = 13? ball." The participant has to read aloud the sum (is 6 plus 7 equal to 13?), vocally answer the question (yes or no) and then read the word aloud. After a series of 2-5 such items, the participant is asked to recall the words. This means they have to keep words in mind while manipulating and processing the stimuli in front of them. There are 12 groups of operations in total.
The working memory scores were used to separate participants into high and low capacity groups prior to analysis. Overall the study was a mixed 2 (standard versus creative) x 2 (high versus low working memory) design. The order of the presentation of the repeated measures variable was counterbalanced across participants. Within each condition, cue words were presented in a random order. Stimulus presentation and response recording was controlled using E-Prime (Schneider, Eschmann & Zuccolotto, 2002) .
Procedure
The presentation procedure was the same as in Playfoot and Izura (2013) -a cue was presented onscreen and the participant was instructed to say aloud the first associated word that came to mind. A microphone detected their response and the programme moved to the next screen, on which the participant typed the word they had just said. Typing the response was not time limited in either condition. Once the participant had completed typing, pressing the enter key triggered the presentation of the next cue. Reaction times were recorded from the onset of the cue to the detection of a response by the microphone. After the completion of the first iteration of the word association task, the participants were presented with the OSPAN task.
Finally, the participants went through the word association task again under the second set of task instructions. Participants were asked to say "pass" in instances where they could not generate an acceptable response.
Results
Creating the norms list
In accordance with the recommendations of Fitzpatrick et al (2013) , we created a norms list specific to the population and cue words applicable to the study at hand. A full discussion of the rationale for doing so is provided in the above paper. In relation to the current work, though, the key issue was that the norms lists published by Fitzpatrick et al (2013) were drawn from the responses of participant groups in Australia, and who were demographically different from our participants. These differences result in patterns of response that may be tied to geographical contextas an example, a popular response to the cue "terrace" in the Australian sample was "school" as it was the name of an educational institution in the local area. None of the participants in this study provided that response as the two words are not inherently related.
The norms list was created using the responses offered by our participants during the standard word association task. The first step was to clean the participants' responses, first by deleting false starts and passes, and then by trimming on the basis of RT. For each participant in turn, a mean and SD of RT were calculated. Any responses recorded above 3 SD from a participant's own mean RT were deleted. By this method we ensured that the responses incorporated into the norms list were an accurate reflection of word association behaviour. The procedure for creating the norms list was identical to that of Fitzpatrick et al (2013) , and interested readers are directed to that paper for a comprehensive overview. Briefly, responses to each cue for all 68 participants were collated. Any occasion where the participant's response was a word was assumed to reflect the word that the participant had intended, even if it appeared to be erratic. Spelling mistakes were corrected only when it was clear that the intended word had been mistyped (because there was no other possibility e.g. controle). If the participant had typed a non-word response that was equally close to two words, it was treated as an omission to avoid the subjective interpretation of the research Bauer and Nation (1993) . Finally, the number of instances of each response for each cue was counted, and lists were organised according to response frequency.
Creating high and low working memory groups
The OSPAN task was scored as follows. The proportion of words in each group of stimuli correctly recalled was computed. For example, if the participant remembered 2 words from a series of 2 operations they scored 1.0, 2 out of 3 would score 0.66, 2 out of 4 would score 0.5, and 2 out of 5 would score 0.4. Scoring in this manner was preferred because a) it does not disproportionately reward successful recall of groups of operations of a particular length and b) it created a decent spread of scores across our participant group. An average proportion across the 12 groups of operations was calculated for each participant. As a whole, participants remembered an average of 71.4% of the words in the OSPAN task. Participants were split into high and low working memory groups at this mean.
Participant responses in the standard word association task were trimmed on the basis of RT. For each participant in turn, a mean and SD of RT were calculated.
Any responses recorded above 3 SD from a participant's own mean RT were deleted. This process was repeated for the creative association task. Participant responses in both the standard and creative association tasks were scored for stereotypy according to the norms list created from the data. One point was scored for giving the associate most commonly elicited by a given cue word.
Inferential analyses
For cues with two responses that were equally popular on the norms list, a point was scored for giving either of the words 2 . To create a measure of task performance in the creative association task we awarded a point for any response that was not represented on the norms list, provided that it was clear to at least one member of our research team that the response was related to the cue in some way. These scores, along with mean RTs, are presented below in Table 1 .
[ Stereotypy scores were significantly higher when participants were asked to provide stereotypical answers (29.887) than when required to give unusual answers (10.790).
No main effect of working memory was observed, but the interaction between working memory and instruction was significant [F (1, 66) = 5.440, MSE = 27.264, p 2 It could be suggested that 0.5 points should be allocated in the event of a tie in the stereotypical response. However, consider a hypothetical situation in which a cue elicits 2 equally popular responses and where these are the only two associates offered by a sample of 100 people. Each response has an associative strength of .50. Consider that, amongst the same 100 participants, another cue elicits one response from 50 people, and another 50 responses from 1 person each. The associative strength of the most popular answer to this second cue is also .50. A participant who agreed with the top answer for the cue with a single strongest response has agreed with 50 people. A participant who agreed with either of the strongest responses to the equally strong response cue has also agreed with 50 people. Clearly all three of these potential scoring responses are equally popular in the normative population -allocating a different amount of credit to the answers would be unjustified. While the example given above is hypothetical, the scoring system implemented should be able to deal with such situations fairly in case they do arise in practice. A final 2 x 2 ANOVA was computed with mean RT as the dependent variable.
A main effect of instruction was observed [F (1, 66) = 116.933, MSE = 922327.390, p < .001], such that mean RT was significantly shorter for standard association (2527ms, SD = 748) than creative association (4296ms, SD = 1679). No main effect of working memory was observed, nor was there a significant interaction. A significant positive correlation (r = .603) was observed between RT in the standard and creative conditions. Slow responders were likely to be slow in both tasks. It should also be noted that there was a significant positive correlation between RT on the creative task and scores for generating idiosyncratic responses under these instructions (r = .341). Those who took longer to offer a response were more likely to 
Discussion
The key findings here are as follows. Firstly, there was a significant difference in RT between responses in the normal and creative tasks. This suggests that participants required fewer, or less effortful, processes in generating common responses than uncommon responses. This would be expected if standard association responses were indeed reflections of the strongest intra-lexical links.
Secondly, participants gave significantly fewer stereotypical associates in the creative association task. This indicates that participants were altering their responses according to the demands of the task.
An influence of working memory was observed in relation to task-specific performance scores, and there was an interaction between working memory and task instructions in the analysis of stereotypy. This was contrary to predictions if word association responses are not affected by any response strategy. We will return to discuss this issue following the findings of Experiment 2.
Experiment 2 -Word association under time pressure
Experiment 2 contrasts the associations of high and low working memory participants to cues presented in two different response deadlines in relation to a measure of word association behaviour known as stereotypy. In scoring stereotypy, One condition was a standard word association task. In the second condition, cues were presented for 1200ms, and only responses produced in this window were recorded. Trials proceeded as in Experiment 1. The OSPAN task was also administered.
If the response that is offered reflects the first word activated in the participant's lexicon, then working memory is not involved (no alternative
Results
Stereotypy and OSPAN scores were calculated in the same way as in Experiment 1.
The mean OSPAN score was 71.1%, and this was used to split the participants into high and low working memory groups. Across all participants, the average proportion of trials in which a response was recorded before the deadline [ It should also be noted that there were significant positive correlations between stereotypy scores under standard and speeded conditions (r = .578) and between the proportion stereotypy scores under standard and speeded conditions (r = .824). That is, participants who gave a greater number of stereotypical responses in one condition tended also to score more stereotypy points in the other condition. 
Discussion
The results from Experiment 2 suggest that the imposition of a response deadline alters word association stereotypy. However, it appears that this is not due to working memory, and that it is not a change in word association behaviour per se.
When pressed for a quick response, participants offer significantly fewer stereotypical responses. On the face of it, it might appear that this is an indication that participants are not always choosing the first response that comes to mind, occasionally choosing a response that they consider to be more common. However, the fact that the proportion of stereotypical responses increases when a deadline is imposed suggests that a much more likely explanation is that relatively weaker intralexical links can be employed to arrive at a response given sufficient time to respond.
It may be that some of the responses to slightly weaker links (those that would have been given just outside the deadline) will be stereotypical. Thus the number of stereotypical responses is greater in standard versus speeded conditions.
Particularly weak intra-lexical links are likely to result in idiosyncratic responses.
This means that idiosyncratic responses are less likely to be offered when a deadline is imposed because there simply is not time to activate them. Hence the proportion of stereotypical responses in speeded conditions increases by virtue of the fact that it is the responses that are not stereotypical that cannot be offered before the deadline.
The strong positive correlation between scores in normal and speeded conditions is also supportive of this -participants are scoring consistently, perhaps because the actual response they offer is the same irrespective of condition. We set out to assess whether the responses that are given by participants in word association tasks were likely to reflect the first word that was elicited by the cues, or whether participants were able to deliberately implement some form of response strategy. In what follows, we will argue that our findings suggest that word association responses are indeed the first word that comes to mind.
General discussion
In Experiment 1, we manipulated the task instructions so that one condition compelled participants to choose a response other than the strongest link between two words in their lexicon. By doing so, we intended to measure responses that required several potential options to compete, and for the production of a response to rely on working memory processes. The first key finding from this experiment is that, on average, responses in the standard association task took significantly less time to generate than in the creative association condition. That is, when participants were required to produce an uncommon response to a cue, the task demanded that several potential words were considered and were weighed against the criterion for scoring points. Therefore the search for a response took longer than under standard word association instructions, because, we argue, participants were not considering more than one possible response before output. This is further supported by the significant positive correlation between RT in the creative association task and success in choosing uncommon responses -participants were more likely to score points for responses that took longer to generate (i.e. that took longer to activate in the lexicon).
Experiment 1 also demonstrated that participants in the high working memory group were better able to choose unusual responses in the creative association task, as they possessed the ability to juggle multiple options before deciding on a response. This was as expected. Interestingly though, we also found that 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w participants with high working memory scores performed better than their low working memory counterparts in the standard association task. This was contrary to our predictions -we expected no influence of working memory on word association behaviour if responses reflect the first word to be activated in the participant's lexicon.
On the face of it, this finding seems to undermine word association tasks as tapping into the strongest link between two nodes in the participant's lexicon. However, one possible explanation for this finding (an explanation which does not refute the underlying assumptions of word association) is that participants who score highly on measures of working memory do so not because they have a greater capacity available to them, but because they make more efficient use of the resources they have. As an example, consider the bank balance of two people just before payday.
They may both have £200 remaining, but what that £200 represents may well differ.
One of these people may be paid £2000 per month (i.e. they have a larger financial capacity); the other may get paid £1000 per month but spend it grudgingly (i.e. they are efficient within the confines of the capacity that they have). In our view it is possible that a high score on a working memory test could be achieved if the participant was able to use well-travelled links with long term memory for some parts of the task in order to keep space in the working memory itself available. In other words, efficient use of the connections between input and long-term memory will result in stereotypical responses in a word association task and may contribute to a high score in working memory tests. Indeed, there has been some empirical evidence that suggests that performance on tasks of working memory can be improved considerably by making use of long-term memory strategies. For example, Chase and Ericsson (1981) described the performance of an individual referred to as SF who had an exceptionally large digit span. SF was able to retain long strings Our position that word association responses reflect the strongest intra-lexical link for the participant is further corroborated by the findings of Experiment 2, in which we manipulated working memory and imposed a response deadline so that (Collins & Quillian, 1969; Collins & Loftus, 1975; Steyvers & Tenenbaum, 2005) in which activation spreads from word to word as a function of the strength of the link between them. Strong links allow activation to pass quickly, and are therefore reflected in word association cue-response pairings that are high in associative strength. These cue-response pairs are likely to be the stereotypical responses in a word association task. As the strength of the intra-lexical link decreases so too does the speed with which activation can be passed from node to node. These cue-response pairs may, in some cases, be weaker for one participant than for the population as a whole. Though the activation required for response is accrued more slowly, the output that is ultimately generated by the participant will still be stereotypical in a proportion of trials. When a response deadline is imposed, there is no longer time for the participant to fully activate a relatively weak cueresponse pairing. In some instances this will result in a participant being unable to generate the stereotypical response for a given cue, hence fewer stereotypy points will be scored on average. However, the majority of the responses that are slow and effortful will reflect uncommon cue-associate pairs that would not have been stereotypical in any case. Thus a greater number of idiosyncratic versus stereotypical responses are omitted overall, and the proportion of participant responses that score points increases. It would be worthwhile conducting research in the future which specifically examines whether this prediction is borne out by the data. This could be accomplished by systematically changing It would appear, therefore, that the assumptions on which word association research has been based are supported by the current study. By and large the responses that are given by participants do reflect the first word that comes to mind. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
